In contrast to invertebrate species, in which oxygen can be adequately transported to all cells by diffusion, vertebrates, with their larger body size, require a circulatory system that is specialized for oxygen delivery. When systemic oxygen delivery is inadequate, cardiac output increases and red blood cell production is augmented. However, when oxygen delivery is impaired locally, as in a tissue in which perfusion has been interrupted by injury or vascular stenosis, a primary response is angiogenesis, the sprouting of new blood vessels.
The complex process of angiogenesis (reviewed in refs. 1-3) begins when cells within a tissue respond to hypoxia by increasing their production of VEGF. VEGF is secreted and binds to cognate receptor tyrosine kinases (VEGFR1 and VEGFR2) located on the surface of vascular endothelial cells. Receptor ligation triggers a cascade of intracellular signaling pathways that initiate angiogenesis. The clinical importance of this biological process has become increasingly apparent over the last decade, and angiogenesis now represents a major focus for novel therapeutic approaches to the prevention and treatment of multiple diseases, most notably ischemic cardiovascular disease and cancer (1) (2) (3) .
If angiogenesis is the big dance, then VEGF is the belle of the ball, and hundreds of investigators are now studying the regulation and biological consequences of its expression (reviewed in ref. 4) . Although VEGF expression represents only one component of the complex angiogenic response and VEGF administration alone may not be sufficient to effect therapeutic angiogenesis, VEGF can nevertheless be considered a critical activator of vascular endothelial cells. Establishing the molecular mechanisms regulating VEGF activity is therefore essential for understanding angiogenesis and how it may be targeted clinically. When cells are subjected to hypoxia, VEGF mRNA expression is induced as a result of both increased mRNA transcription and decreased mRNA degradation (5-7). Whereas the rate of translation initiation is globally decreased in hypoxic cells, VEGF mRNAs contain an internal ribosome entry site (IRES) that ensures efficient VEGF protein synthesis under hypoxic conditions (8) . In addition, expression of VEGFR1 (FLT-1) mRNA is hypoxiainducible (9), indicating that the endothelium must sense hypoxia in order to be maximally receptive to VEGF stimulation. Endothelial cell expression of VEGFR2 (KDR) protein is also induced in ischemic tissue via a paracrine mechanism (10). Finally, placental growth factor (PlGF), which binds to VEGFR1 (4), is induced by hypoxia in many tissues and in combination with VEGF has synergistic effects on angiogenesis (11) .
Despite the impressive complexity of the molecular responses to hypoxia that are known to be involved in VEGF signaling, our understanding of this process continues to grow. In this issue of the JCI, Ozawa et al. (12) report studies indicating that the chaperone protein ORP150 (oxygenregulated protein of 150 kDa) is required for the intracellular transport of VEGF protein from the endoplasmic reticulum to the Golgi apparatus for subsequent secretion. ORP150 was first identified and purified as a protein expressed in primary cultures of astrocytes exposed to hypoxia (13) , and, like VEGF, ORP150 mRNA expression is also hypoxia-inducible (12 Taken together, the results of studies conducted over the last six years have delineated complex regulation of VEGF activity by tissue oxygen concentrations (Table 1) . How is this response orchestrated at the molecular level? Hypoxia-inducible factor 1 (HIF-1) is responsible for the transcriptional activation of the VEGF gene in hypoxic cells by binding to a hypoxia response element located 1 kb 5′ to the transcription initiation site (14, 15 whether a specific translation initiation factor exists that recognizes the IRES and whether expression of this factor is induced by hypoxia. HIF-1 has also been implicated in the induction of FLT-1 mRNA expression in hypoxic endothelial cells (9) . Since ORP150 mRNA expression is induced by hypoxia, the question arises whether HIF-1 activates ORP150 transcription. Indeed, HIF-1 may coordinately regulate VEGF signaling at multiple levels (Table 1) , similar to its coordinate regulation of more than a dozen genes encoding the glucose transporters and glycolytic enzymes that provide metabolic adaptation to hypoxia (15) . The recent finding that brain-derived neurotrophic factor is an ORP150-regulated protein in hypoxic neurons (17) also suggests that ORP150 may function as a chaperone for other HIF-1-regulated and/or hypoxia-inducible growth factors such as angiopoietin 2, erythropoietin, and IGF-2. In addition to delineating elegant programs of molecular regulation, testing these hypotheses may provide information as to which molecules are best suited to induce therapeutic angiogenesis, with the assumption being that regulatory control factors may have the most pleiotropic effects and thus best recapitulate the complex physiologic responses evoked by hypoxia. Ozawa et al. (12) chose wound healing as the clinical condition in which to demonstrate the relevance of ORP150 as a mediator of VEGF secretion in vivo. This is an interesting choice because experimental and clinical data suggest that the early wound is not hypoxic (18) and that hyperoxia stimulates wound angiogenesis and healing (19) . VEGF transcription by wound macrophages may be stimulated by reactive oxygen species that are generated by activated neutrophils (20) . The transcription factor mediating this response has not been identified. However, HIF-1 activity is induced by inflammatory cytokines such as IL-1 and TNF-α (21) which are generated at high levels in early wounds (18) , thus providing a mechanism for VEGF production mediated by HIF-1 within nonhypoxic wounds (22) . These observations point to the potential importance of shared transcriptional mechanisms, involving HIF-1 and/or other factors, that would couple VEGF and ORP150 expression regardless of the nature of the inciting stimulus. Thus, while the more than 4700 publications listed in the NCBI PubMed database suggest that VEGF has come of age, Ozawa et al. have shown that it still requires a chaperone.
